Introduction
Previous studies indicate that risk factors for carotid subfractions are formed by neutral lipid exchange, a process catalysed by cholesteryl ester transfer protein atherosclerosis include advanced age,1,2 male gender,1 hypertension2,3 and smoking.1-3 By contrast, (CETP) and hepatic lipase ( Figure 1 ).11,12 Cholesterolrich LDL particles enter into an exchange mechanism the evidence that total cholesterol is a risk factor for carotid atherosclerosis and stroke is conflicting.1,2,4-6 with triglyceride-rich chylomicrons and very-lowdensity lipoproteins (VLDL). The resultant triglycerHowever, carotid atherosclerosis has been associated with high serum triglyceride concentration and low ide-rich LDL particles are a substrate for hepatic lipase. Fatty acids are extracted by hepatic lipase, serum HDL-cholesterol concentration. 7, 8 This combination of lipid abnormalities has been dubbed the resulting in small LDL subfractions with a high proportion of apolipoprotein to lipid, and hence 'atherogenic lipid profile' and is associated with abnormalities of LDL particle size. 9 increased density. Small, dense LDL particles have reduced affinity LDL consists of a heterogeneous group of particles of varying size and density.10 Small, dense LDL for LDL receptors13 and are less readily removed We added 1.5 ml 150 mM (isodense) NaCl to 500 ml serum. Samples were centrifuged in a tabletop ultraaemic attack, amaurosis fugax or presyncope were referred by their hospital physician for carotid centrifuge (TL-100, Beckman), using a TLV-100 rotor (Beckman). Following pre-cooling to 10°C, samples Doppler ultrasound examination. Informed, written consent was obtained and the study was approved were ultracentrifuged at 100 000×g for 42.5 min. Slow acceleration (3.5 min to 5000 rpm) and slow by the West Birmingham Local Research Ethics Committee. Patients were interviewed by a research deceleration (6 min from 5000 rpm) were used. Ultracentrifugation separates chylomicrons and VLDL nurse (SM), and information regarding past medical history, current medication and risk factors for cardio-(supernatant) from LDL and high-density lipoproteins (HDL) (infranatant) with a layer of saline. The vascular disease was recorded, together with height, weight, hip and waist measurements. Blood pressure infranatant was pumped from the bottom with a needle placed through the sample from above at a was recorded using a standard mercury sphygmomanometer by an observer who had been trained with constant flow rate of 0.2 ml/min. Infranatant was stored for up to 16 h at 4°C prior to electrophoresis. the British Hypertension Society blood pressure measurement video recording.29 The mean of two The infranatant was analysed by DPAGE according to the method of Rajman et al. 21 Gel tubes were measurements was recorded. A non-fasting blood sample was taken for total cholesterol and triglycerscanned directly at a wavelength of 610 nm (ImageMaster Software, Pharmacia). The mobility (R f ) ide measurement. Carotid Doppler ultrasound exam-of each LDL fraction was recorded relative to HDL.
were used by six, five and one of the positive group, respectively, and by two, one and none of the LDL subfractions were identified by the R f value according to the manufacturer's instructions. The negative group. No patients were receiving HMGCoA reductase inhibitors in either group. LDL Score was calculated according to the relative percentage area under the curve (AUC) of each LDL There were no significant differences in total cholesterol or serum triglyceride concentrations band, multiplied by the band number, so that: between the two groups ( 21 who showed that LDL score is carotid atherosclerosis (Table 3) . raised in patients with angiographically-proven cor-
The distribution of major bands in the two patient onary artery disease compared with negative congroups was used to examine the relative contribution trols. In our study, each sample of infranatant was of small, medium and large LDL subfractions assayed in duplicate. Within-person coefficient of (Table 4 ). In the group as a whole, it was rare for variation for duplicate pairs was 3.1%. The mean the smallest LDL subfractions (bands 3-6) to predom-LDL score for each pair was used for all analyses.
inate. The difference in LDL scores detected is mainly The major LDL subfraction was identified as the due to a shift from large to medium LDL subfractions band with the greatest area under the curve.
in the atherosclerosis group (group 1). Gender, smoking history, age, race, history of
Statistical analysis
diabetes or hypertension, systolic blood pressure and diastolic blood pressure, total cholesterol, triglyceride Differences in demographics were assessed with x2
and LDL score were entered into a stepwise logistic and two-tailed unpaired t-tests. Differences in LDL regression model. Age (adjusted odds ratio 1.09, score between those with (group 1) and without 95%CI 1.03-1.15) and smoking history (2.09, (group 2) carotid atherosclerosis were tested using 1.10-3.98) were the only significant predictors of Student's two-tailed t-test. One-way analysis of varicarotid atherosclerosis (Table 5 ). LDL score was of ance (ANOVA) was used to test the relationship borderline significance (2.20, 0.91-5.29) and ranked between LDL score and maximum carotid stenosis.
third in this analysis.
Step-down logistic regression analysis was used to
Stepwise regression analysis was used to identify identify association with carotid atherosclerosis, and factors associated with a high LDL score. Age, multiple linear regression was used to investigate gender, race, smoking status, body mass index, factors associated with the LDL score.
hip/waist ratio, total cholesterol, serum triglycerides and history of hypertension, transient ischaemic attack, stroke, myocardial infarction, peripheral vasResults cular disease or diabetes were entered into the model. Triglyceride concentration was identified as We studied 79 patients (51 men, 28 women); 44 (56%) had evidence of carotid atherosclerosis (group the most important factor, accounting for 36% of the variation in LDL score. Low hip/waist ratio and 1) on Doppler ultrasound examination. Thirty-five (44%) had normal carotid arteries (group 2). There Caucasian race also contributed to an increased LDL score (Table 6) This cross-sectional study demonstrates an association between small, dense LDL subfractions (high 2. Mean systolic blood pressure was greater in group 1 (146.7±25.3 vs. 131.1±17.6 mmHg, t=3.23, LDL score) and the presence of carotid atherosclerosis in a symptomatic population. To our knowledge p=0.003). There were no significant differences in race, history of stroke, hypertension, ischaemic heart this is the first report of this association in the literature. disease or diabetes, body mass index, hip/waist ratio or diastolic blood pressure. There was no significant Stroke is a major cause of morbidity and mortality in the Western world.31 In contrast to myocardial difference in the use of drugs that may alter serum lipid concentrations between the two groups. Betainfarction, pharmacological strategies for treatment of acute stroke have met with limited success.32 blockers, thiazide diuretics and fibric acid derivatives surgical intervention (such as carotid endarterectomy) and aspirin suggest that the benefit (risk reduction) patients with carotid atherosclerosis, efforts should be made to minimize reversible cardiovascular risk factors in order to reduce the risk of progressive Attention has therefore focused on preventive strategies rather than on treatment.
carotid atherosclerosis, stroke and myocardial infarction. Approximately 80% of strokes are ischaemic in nature.32 Many of these are due to embolization
The lack of association between LDL score and maximum percentage stenosis suggests that small, from either the heart (e.g. in atrial fibrillation) or the Table 6 Stepwise regression analysis for LDL score mortality.45 HMG-CoA reductase inhibitors (statins) act via increased expression of hepatic LDL receptors.
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However, the small, dense LDL subfractions have a reduced affinity for these receptors. be a risk factor for stroke as well as for myocardial infarction. This hypothesis requires investigation with dense LDL subfractions may be a risk factor for a large prospective study. The possibility that the cardiovascular disease as a whole rather than for LDL subfraction profile may be altered advantaischaemic stroke per se. Previous studies have demgeously by certain lipid-lowering therapies offers the onstrated the link between carotid atherosclerosis exciting potential of a new strategy for the prevention and cardiovascular risk.37,38 Hence, in a patient with of stroke. documented carotid atherosclerosis, treatment should extend beyond the use of aspirin (with or without carotid endarterectomy) and include efforts to
